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THE VISCOSITY OF CARBON DIOXIDE, AMMONIA, ACETYLENE, 
 ARGON AND OXYGEN UNDER HIGH PRESSURES
By Rvo Kna~ca and Tanasm Maxrr.a"
   In the previous paper~>, a new simple viscometer for compressed gases was reported 
in detail. Using the viscometer which has been calibrated by H. Stakelbecl:'s valueszl 
of carbon dioxide at 20` and 40`C, the viscosity coef5cients of several gases are deter-
mined at the temperatures from 50 to 300°C and the pressures up to IOOkg/cm'. 
   Several investigations about the effect of pressure upon the viscosity of carbon 
dioxide have been done : P. Phitlipssl measured by the transpiration method under the 
condition of the temperatures 20--40~C and the pressures 1-120atm. H. Stakelbeck2> 
determined by the falling-ball method at -15-V +40`C and up to 100atm, E. Schroer 
and G. Becker<) by the rolling-ball method at20°C and 1-lOlatm, S. Iv'. Naldrett and 
O. A4aasssl investigated the viscosity of carbon dioxide in the critical region by the 
oscillating-disc method, and recently E. W. Comings, R. S. Eglysl and E. W. Comings; 
B. J• Mayland, R. S. Egly;1 made measurements by the transpiration method up to 
105`C and 171atm. But their data failed to cover the wide range of temperature. In 
this paper the effect of pressure upon the viscosity of carbon dioxide is investigated 
at high temperatures. 
   On the effect of pressure upon the viscosity of ammonia, there has been only one 
report by H. 5.`a]:albecl:'--i, who determined the effect by the falling•ball method at 
-20 ~-+80°C and 1 -- 22atm. Therefore, the authors measure the viscosity of ammonia 
in the wide range of temperature and pressure. , 
   On the viscosity of acetylene, there have been only rivo reports at the ordinary
pressure :one by T. Titani8~ at the temperatures between 20 and 12G'C, and the other by 
R. Wobser and Fn Miiller9> at 20-98'C. The effect of pressure upon the viscosity 
of acetylene is not known at all. Therefore, the temperature range at the ordinary 
pressure is expanded up to 250°C and the measurements are done. at the temperatures 
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   As there has been no report on the viscosity of argon and oxygen tinder high 
pressures, the present measurements are made in order to ]mow the effects of the 
pressure and temperature upon the viscosity of argon and oxygen. 
                          ~mprovemenks of Apparahs 
   The. viscometer previously describedt] has been partly improved For the visco-
meter•tube, soda•glass i  replaced by Terex-glass after adequate heat treatment; when 
it is used at the pressures higher than 60kg/cm=. In the cases of the- measurement 
of cazbon dioxide, ammonia and acetylene, the pipe connection of the mercury-trap 
with the viscometer-tube is electrically heated above their critical temperatures, and 
therefore the "metal-packing" 10> is used in the connection of the steel cylinder with the 
viscometer-tube. Furthermore, a stopper is set at the open end of the viscometer•tube 
for the purpose of avoiding the interchar>,ge,of thehigh temperattue gas in the visco-
meter-tube with the low temperature gas in the accessory parts. 
                             Sample Gases 
   The carbon dioxide and ammonia used in the present measurements are obtained 
by the redistillation from their liquids and the purity of the gases is more than 99.8 
and 99.9:6, respectively. 
   The purityof the acetylene used is 99.5--99.7.=. the oxygen contained being less 
than O.J~ and the rest of the impurity nitrogen. 
   The commercial argongas used consists of 97.895 of argon, 2'.2/ of nitrogen and 
oxygen less than 0.01%. 
   The purity of the oxygen used is 99.836, the impurity contained being nitrogen. 
   The density and the viscosity of all the gases are calculated, assumingthat they 
are pure. Even in the case of argon, the error of the viscosity for containing 2.2°' 
of nitrogen is less than 190. 
                        The Values of khe Density 
   The values of the density of gases which is necessary for the calculation of the 
viscosity are obtained from the following compressibility data: 
   carbon dioxide; A. Michels and G Michels11>, and E. K An:agat12>, 
   ammonia ; C. H. Mey¢rs and R. S. J:usup131, and J. A. Beattieand C. K. Lawrertce14-, 
   acetylene; R. Kiyama, T.Ikegami and K. Inouets), 
   aggon; L. Holborn aatd J. Ottats>, 
   oxygen; J. Mason and G. R Dod[eyr%>, and. L. Holborn and J. Ottots), 
   10) R. Kiyama, This Jaurxal, 19, 21 (1945) 
   11) A. Michels and C. Michels, Proc. Roy. Soc., London, A 1"03. 201, 215 (1936) 
   12) Landolt•Bornstein, "PFysikalischthemisch¢ Tabellwr," Erster Bd., 113(1923) 
   13) Landolt•Biimstein, ib d., Drifter Ezg. Bd., 100 (1935) 
   14) J• A. Beattie and C. K Lawrence, J Am. Ckem. Soc., 52, 6 (1930) 
   15) R. Kiyama, T. Ikegami and K Inoue, This Janna7, 21. 58 (1%1) 
   16) L. Holborn and I• Otto, Z. Phys., 23, 77 (191.4): 30, 320 (1924): 33; 1 (197x') -
   17) I. Mason and G. F. Dolley. Proc. Roy. Sot., Lorrdan, A 103, 524 (1900
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   Carbon dioxide ty 
1, and the values are plotted as the 
isotherms on the viscosity-pressure 
diagram in Fig. 1, in which the iso-
therms of 4fYC obtained by P. Phillipsa>, 
H. Stakelbeck2l, and E. W. Comings 
and R. S. Eglys>, and the isotherm of 
38°C by S. N. Naldrett and O.Dlaasss> 
are illustrated by the dotted curves to 
be compared with the authors results. 
It is found that the isotherm of 50`C 
in the present measurement resembles 
reasonab]y the results at 40°C of both 
Sta]:elbeck and Comings and Egly, but 
that Phillips' values are considerably 
small at the pressures between 50 and 
and 85 kg/cm°. Also the data at 38°C 
of Naldrett and Maass calculated from 
their viscosity-temperature isochores,
       Results and Considerations 
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Fig. 1 Viscosity versus pressure diagram of CO. 
  The values below fi0 kg/cm= in this diagram were 
reported in the previous papertt. This diagram coa-
mms the values determined by the following investi-
gators: 40°(P) shows the va]ues of P. Phillips, 40°(S) 
of H. Stakelbeck. 40'(C) of L'. W. Comings and R. S. 
Egly and 38°(N) of S. N. Naldrett and O. Maass.
carbon dioxide are shown in Table 
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are parallel to those of Phillips and cross over both Stakelbeck's and Comings' 














































     81.1 































































The Review of Physical Chemistry of Japan Vol. 22 No. 2 (1952)






















































































































  P: Pressure, absolute kg/cm=. 
  p : Density. g/L. 
  r, : Visccsitytoe&cient, micro-poise. 
  p/r~r: The ratio of the viscosityat hegh pressure against he viscosity under ordinary pressure. 
at rapid rate with pressure, and that the lower the temperature is, the more rapidly 
increases the viscosity. The isotherms of 40°C near the critical temperature (31.04'C), 
rise up near the critical pressure (7523 kg/gym') more rapidly than the isotherm of 50'C. 
The isotherms above 150°C do not cross each other up to 1
/00k\g/cm'.    It appears thatthe temperature coefficient of vscosity \8T/P1 becomes s aller 
with increasing pressure and its sign is converted from positive to negative as shown 
by the crossing points in Fig. 1. 
   Fig. 2 shows the plots of viscosity versus density of carbon dioxide. The isotherms 
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Fig. Z Viscosity versus density diagram of CO, 
The Stakelbeck's values are shown in the dotted lines.
perature are the straight lines on the 
whole and the isotherms above lOG'C 
are concave upwards. It is shown, 
refering to Table I, that the effect of 
pressure upon the viscosity is stronger 
than that upon the density at tempera-
tures far higher than the critical point. 
   Ammonia The results obtained 
are shown in Table 2 and Fig. 3, the 
values determined by Stakelbeckz> 
being plotted by the dotted lines in 
Fig. 3. The 45°C isotherm of Stakel-
beck has a good resemblance to the 
present authors' values of 5G-C, but
18) R. H. Ewell, J. Chem. Phys., 5. 571 (1937)
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his values at 80°C become large too rapidly near 14atm and seem to be unreasonable 
in comparison with his own values at 45°C. From the authors results, the isotherm 
of 80°C should cross that of 100`C near 40kg~cm'. 
                           Table 2
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Viscosity versus pressure diagram of ammonia 
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   It is found that the temperature ccef6cient of viscosity at constant pressure, a~                                                 8T h
. b
ecomes smaller with increasing pressure inthe same tendency as in the case of carbon 
dioxide. Above the critical temperature (132.4'C), the change of the sign of 8q wilt take place t pressures mod rately higher t an100 kg/cm', but it cannot be observed 
in this investigation. 
   The isotherms of viscosity versus density are plotted in Fig. 4. It shows that the 
isotherms of both 100°C and 150°C near the critipl temperature aze straight and the 
isotherms above 200°C are concave upwards, while the isotherm of 50'C is convex up-
wards. From these results, it is known that the effect of pressure upon the viscosity 
are linearly proportional to the increase of the density near the critical temperature, 
and then at the temperatures higher than the critical, the effect of pressure upon the 
viscosity are larger than that of pressure upon the density, and at the temperatures 
below the critical, the pressure has more influence on the density than on the viscosity. 
   Acetylene The viscosity coefficients of acetylene determined at the ordinary pres-
sure are shown in Table 3, in which the values of Titaniel and those of `Vobser and 
                           Table 3 
             The viscosity of acetylene at the ordinary pressure
'Temperadse 
        .C
       Viscosity coefficient, micro-poise



























Miiilers> are tabulated The authors' values at the temperatures below 120°C are 1 --
29' larger.than the values of Titani and of VVobser and Muller, and the values above 
150°C can not be compared with any data. 
   The results obtained under high pressures are shown in Table 4, and theviscosity-
pressure isotherms plotted in Fig. 5. The values marked with stars in Table 4 are 
abnormally arge as shown by the dotted lines in Fig. 5. This abnormality results 
from the deposition of a polymer of acetylene on the wall of the viscometer-tube, that
is, the rolling velocity of the viscometer-ball is affected by the deposited polymer. 
R. Kiyama and H. 1{inoshita~sl have researched the non-catalytic polymerization f 
acetylene at high temperatures and pressures, and found that the polymerization f 
   19) R. Iv}2ma nd H. I{iaoshita, Urrpub(ished.
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                 Table 4 
    The viscosity of acetylene under high pressure
55
zo°c so•c
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  acetylene began near 250°C on the surface of a steel vessel, and that 10~s of acetylene at 
  250-C and 31atm polymerized in 33 hours and ass at 250°C and l0atm in 31 hours. In 
  the case of the authors' measurements of viscosity, the viscometer-tube is kept for two 
  hour at a given temperature and pressure. A slight brownish-yellow colour of polymer 
  is recognized on the wall of the viscometer•tube at 200°C and 98.1 kg/cm=. At 250°C. 
  no colour is observed at all under the pressures below 43.Skg/cm', but the deposition
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Fig. 5 Viscosity versus pressure diagram 
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of polymer rapidly increases under the pressures above 53.9kg/cm' and any deposit 
of solid or liquid on the wall of the viscometer-tube makes the measurement of vis-
cosity impossible. 
   The viscosity-pressure isotherms in Fig. 5 have a resemblance to the cases of both 
carbon dioxide and ammonia. It is found that the viscosity at low temperatures 
increases with increasing pressure at more rapid rate than that at high temperatures. 
Therefore, the sign of the temperature coefficient of viscosity at constant pressure, 
(aT)p, is converted from positive to negative. As thesign oflaT/P ofthe liquids 
is negativelsl, it seems that the high-pressure gas shows the property like liquid in 
regard to the sign of(`~'~) 
              &T P. 
   Fig. 6 is the plots of viscosity versus density of acetylene. The isotherms of 20 
and 60`C near critical temperature (38.5°C) are the straight lines on the whole and the 
isotherms above 100°C are concave up«ards, just as discussed in the cases of both 
carbon dioxide and ammonia. 
   Argon The viscosity of argon is tabulated in Table 5, the viscosity-pressure iso• 
therms being shown in Fig. 7, and the viscositydensity isotherms in Fig. 8. There is no 
change of the sign of the temperature coefficient of viscosity at constant pressure. 
(-`'~l observed in the cases of carbon dioxide and ammonia, because the measuring 
temperatures are far higher than the critipl temperature (-122.44'C). But the value of 
                             Table 5 
                         The viscosity of argon
          50'C
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               Pressure, I:g/cm"- laensity, g/L 
  Fig. 7 Viscosity versus pressure diagram Fig. 8 Viscosity versus density diagram 
                  of argon of argon 
   The points plotted by O are the values at 
 the ordinary pressure by M. Trautz et al'o~ =U, 
\aT~? decreases slowly ith increasing pressure. 
   As the values of the viscosity at the elevated pressure have not been reported, 
no comparision with the authors' results can be done. The values at the ordinary 
pressure, therefore, are compared with the data of M. Trautz and H. E. Binl:ele'-0>. 
and of M. Trautz and R. Zink21>, which are the most credible values over the wide 
range of temperature and are plotted in Fig. 7. It is found that the values obtained 
below 200°C in the present measurements coincide with Trautti s values within less 
than 0.5:' error, and that the value of 300`C is 1.5~ lower. 
   Oxygen The viscosity of oxygen obtained is shown in Table 6, the viscosity-
pressure isotherms being plotted in Fig. 9 and. the viscosity-density isotherms in Fig. 
10. Just as mentioned on argon, it is found that the viscosity at low temperatures 
                          Table 6 
                         The viscosity of oxygen
7S'C
























































































20) M. Trau[z and I-I. E. Binkele, Ann. Physlk, (5) 5. 561 (1930) 
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150'C



























































increases at more rapid rate with increasing pressure than at high temperatures 
in Fig. 9, and that the isotherms in Fig. 10 aze smooth and parallel each other, because 
the measuring temperatures are far higher than the critical temperature (-118.82'C).
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Fig. 9 Viscosity versus pressure diagram 
             of oxygen 
 The points plotted by .Q are the values 
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    Fig. 10 Viscosity versus density diagram 
         • of oxygen
   The values at the ordinary pressure are compazed with the data obtained by M. 
Trautz and A. Melster~ and by M. Trautz and K. G. Sorgx+I, which aze plotted in 
Fig. 9. The authors' results in all the temperature range show a good agreement 
within 0.5 a .
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23)
M. Trautz and t1 Melster, Ann. Physik, (5) 7. 409 (1930) 
T4. Trautz and K. G. Sorg, ibid., 10, 31'(1931)
